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$Q$ (N): (ex. )
$Q$ (A): (ex. )
$C$(N): 1
$C$(A): 1
, $G$ (N, $A:W$(N), $W($A), $Q($N), $Q($A), $C($N), $C($A))
. , $G$ (N, $A:W$(N), $W(A),$ $Q(A)$
, $C$ (A) $)$ , .
187
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$N$ $\{1, \ldots, n\}$
$A$
$K$ ( ) , $K\subseteq N\mathrm{x}N$
$O$ (k) $k\in K$
$D$ (k) $k\in K$
$F_{ij}$ $(i,j)$ ,
$c_{j}^{k}.\cdot$ $k1$ , (i,
T Basic Network Design Prob-
lem , BNDP .
BNDP:





0 $\forall i\in N-\{O(k), D(k)\}\forall k\in K$
-1 $i=D(k)$
(2)
$\sum_{k\in K}f_{ij}^{k}\leq|$K$|$yij $\forall$(i, $j$ ) $\in A$ (3)
$f_{j}^{k}.\cdot\geq 0$ $\forall$(i, $j$ ) $\in A,\forall k\in K$ (4)
$y_{j}.\cdot\in\{0,1\}$ $\forall$(i, $j$ ) $\in A$ (5)
.
, (1) , ( )
.
(2) , . (3) , $(i,j)$ ,
0 -
188
BNDP , Garey [3] $N\mathcal{P}$ .
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$d$ : 1 2
$p$ : $p=[d/q]$
$r$ : $d=r$ (mod $q$), $0\leq r<q$
$n$ : 3






(Step 1) $\{F_{e}+c_{e}q|e\in A\}$ . $F_{e1}+c_{e1}q\leq F_{e2}+c_{e2}q,$ $\ldots$ , $F_{\mathrm{e}_{n}}+c_{e_{n}}q$
. , $A_{F}=$ {e1, $e_{2},$ $\ldots,$ $e_{p}$ } .
(Step 2) $\{F_{\mathrm{e}}+c_{e}r|e\in A\}$ . $F_{e_{1’}}+c_{e_{1’}}r\leq \mathrm{I}_{\mathrm{e}_{2’}}$ +c 2’ $r,$ $\ldots,$ $F_{\mathrm{b}’}+c_{e_{n}^{l}}r$
. , $A_{c}=\{\begin{array}{lll}\prime\prime \prime e_{1},e_{2} \cdots e_{p}\end{array}\}$ .
(Step 3) , $A_{F}\cap A_{C}=\emptyset$ , $A_{F}$ , $q$ .
, $e_{1}^{J}\in A_{C}$ , $r$ . , (Step 4) .
(Step 4) $k\in A_{F}$ and $l\in A\backslash A_{F}$ , $\{((F_{k}+c_{k}q)+(F_{l}+c_{l}r))-$
$((\mathrm{f}\mathrm{i}+c_{l}\mathrm{q})+(F_{k}+c_{k}r))\}=\{(c_{k}(q-r)-c_{l}(q-r)\}$ . $(k^{*}, l*)$ ,
. $A_{F}\backslash \{k^{*}\}\cup\{l^{*}\}$ , $q$ , $k^{*}$
$r$ .




( ) . ,
. , 3 , 1 $arrow$
2, 1 $arrow$ 3, 2 $arrow$ 3. $d_{1},$ $d_{2},$ $d\mathrm{s}$ .
, . 1 , 1 $\mathrm{r}$ 2














$K$ , $K\subseteq N\mathrm{x}N$
< \succ
$d_{j}^{k}\dot{.}$ (i, $k$ 1 $l\triangleright$– ( )





$y_{- j}$ $(i,j)$ ( )
4 $i$
, .






0 $\forall i\in N-\{O(k), D(k)\}\forall k\in K$
-1 $i=D(k)$
(9)
$\sum_{k\in K}$ f.$\cdot$kj\leq lKly $\forall(i,j)\in A$ (10)
$\dot{.}\sum_{\in M}z_{i}=l$
(11)
$f_{j}^{k}\dot{.}\geq 0$ $\forall$(i, $j$ ) $\in A,\forall k\in K$ (12)
$y\text{ }\leq z.\cdot$ $\forall i\in M$ $\forall j\in N$ (13)
203
$y_{ji}\leq z_{i}$ $\forall i\in M$ $\forall j\in N$ (14)
$y_{ij}\in\{0,1\}$ $\mathrm{v}$ $(i, j)\in A$ (15)
$z:\in\{0,1\}$ Vi $\in M$ (16)
(9) , – $\Gamma\neq$ . (10) ,
, 8 (11) ,





$L_{:}$ $\mathrm{A}\mathrm{a}$ greedy $l$ 1 .
5.3
, 2 $G$(N, $A:W$(N), $W($A), $Q($N), $Q($A), $C($N), $C($A))
. $Q$ (N), $C$ (N) . ,
( ) $\partial\varphi(i)$ T .












$L_{:}+B_{i}\partial\varphi(i)$”( , $\partial\varphi(i)^{*}$ , )
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